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WAVE SHAPING CIRCUITS 





INTRODUCTION 
A process by which non-sinusoidal waveforms are altered in passing through 
the circuit elements (such as diodes, resistors, inductors and capacitors) is called 
wave shaping JThe wave shaping is used to perform any one of the following 
functions: ` 
— 1. To generate one wave from the other. 

2. To limit the voltage level of the wave form to some preset value and sup- 

pressing all other voltage levels in excess of the preset level. 

.': 3. To cut-off the positive and negative portions of the input wave form. 


' = 4. To hold the wave form to a particular d.c. level. 


ae 

The waveshaping is important in most of the signal process systems and is 
performed by the circuits known as differentiators, integrators, limiters, clip- 
pers and clampers. 

(The differentiator circuits are used to generate sharp narrow pulses either 

from distorted pulse waveforms or from rectangular waveformsį The integrator | 
circuits are required to generate a voltage, which increases or fécreases lin- | 
early with timeXcalled aramp){The limiters (also called amplitude limiters) 
are used to limit the voltage level of the waveform to some preset value and | 
suppressing all other voltage levels in excess of this preset level. The limiters 
can also be used to protect a circuit against any possible damage due to excess | 
voltage. These are an important part of signal processing circuit in television | 
and radio receivers. The clipper circuit is required to cut-off the part of positive 
and negative portions of an input waveform) On the other hand,ia clamper 
circuit is used to hold (or restore) the waveform to a particular d.c. level) The 
clamper circuits are also very useful in television receivers. 





1.1. Standard Voltage and Current Signals j 
These are step, Ramp and Exponential discussed below : | 
1. Step. A voltage, which maintains the zero value for the times 
t<0 and maintains the value V foy the timest > 0 is called a step voltage. 
The transition between the two yoltage levels takes place at = 0 and is 
accomplished in a very short interval. Figure 1.1 (a), v = 0 immediately 
before t = 0 and v = V immediately after į = 0. Where v is the instanta- 


neous voltage. 
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Fig. 1.3. Square and symmetrical square wave shapes 

(d) Triangular waveform. A waveform, which increases linearly with time 
to a voltage level V for a time 7/2 and then decreases linearly to its origi- 
nal level for a time T/2 and is repetitive with a period T as shown in figure 
1.4(a) is called triangular waveform. It may be noted from the figure, that 
a triangular wave may be considered as the sum of ramp voltage, which 
increases at a rate of 2V/T for a time T/2 and the ramp voltage which 
decreases at a rate of -2V/T for the remaining time 7/2. The triangular 
waveforms are used in scanning circuits, where a uniform left-to-right 
scan is required as in computer displays. These are also used in timing 
circuits for electronic applications. 
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Fig. 1.4. Trangular and sawtooth wave shapes 


(e) Sawtooth waveform. A waveform, which increases linearly with time to 
a voltage level V for a time T and then changes abruptly to its original 
i level and is repetitive as shown in Figure 1.4(b) is called sawtooth wave- 
form. It is also called sweep waveform or time base waveform. The sawtooth 
waveforms are used in the scanning circuits of cathode ray oscilloscopes 

and televisions. - 


1.2. Wave Shaping Circuits 
Following two types of waveshaping circuits are important from the subject 
point of view: 

1. Linear waveshaping circuits. The circuits, which make use of only 

I linear circuit elements (inductors, capacitors and resistors) are known as 
linear waveshaping circuits. Such circuits are used to perform functions 
of differentiation and integration. 

2. Nonlinear wave shaping circuits. The circuits, which (in addition to 
linear circuit elements) make use of nonlinear circuit elements (diodes 
and transistors) are known as non-linear wave shaping circuits. Such 
circuits are used to perform function of amplitude limiting, clipping and 


| clamping. 
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2. Ramp. A voltage, which is zero for t <0 a 





aves ; i 
nd increases linearly wit! 


lso called a sweep voltage. 


time for t > 0, is called a ramp voltage. It is a So andvaat after 
Figure 1.1 (b), v = 0 immediately before £ = is the instantane- 

t =0. Herea is a constant of proportionality. Wherev 

ous voltage. eases non-linearily 4 


ero fort < 0 and incr’ 


), is called an exponential voltage. 


3. Exponential. A voltage, which is zı 
with time as shown in Figure 1.1 (c 


Non Sinusoidal wavé shapes 

Any wave form, whose shape is different 
is called a non sinusoidal wave. Examples are : P 
square, Triangular and saw toooth. These are par 


and current signals. 

(a) Pulse waveform. Figure 1.2 (a) sh 
The pulse amplitudes is V and the pu 
Figure 1.2(b) and (c) that the pulse may b 
step voltage + V, where discontinuity occ 
— V whose discontinuity occurs at t = f,. 
tensive use in almost every field of electro 
computers, defence equipments etc. 


from the standard sinusoidal wave 
ulse, square, symmetrical 
t of the strandard voltage 


ows the wave form of an ideal pulse. 
lse duration ist, It is evident from 
e considered as the sum of the 
urs at t = 0 and a step voltage 
The pulse waveforms find ex- 
nics such as communication, 
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Fig. 1.2. Pulse wave forms 

(b) Square wave form. A wave which maintains itself at one constant 
voltage level V, for time T; and at another constant level V, for time T, 
and is repetitive with a period T = T} + T, as shown in Figure 1.3 (a) is 
called a square wave form. The square waveforms are used in digital 
electronic circuits, radars and as synchronising pulses in television. 

(c) Symmetrical square waveform. A square waveform for which T} = Ta 

. = T/2 as shown in Figure 1.3(b) is called a square waveform. It may be 

noted that because of the symmetry, the voltage levels V, and V, are 
equal and oppositei.e, V = -Vp The symmetrical square waveforms arè 
very useful in digital electronic circuits. 
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pifferentiator) 


tial of the input’ is called ‘differentiating 


g Circuit C 


i tiatin: 
1.3. Differen fice 


Acircuit with an output as a 
circuit’, or a ‘differentiator . 
d 
STA i tical opera 
s, a differentiator circuit performs soe ps a 
tions of differentiation. It produces an output PEPOT ail ie s ewitohihe 
input. A differentiator circuit is a simple RC seri owed ie AER 
arit to obtain the desired output shape by dema n ale 
properly. While designing, the following should be p a i 
(i) The RC constant of the differentiator should bes 
E f T) l 
eriod of the input wave. (RC < ane 
ü) Tha value of the capacitive reactance ERA is atleast 1 
value of the resistance of the circuit (Xg21 k ; 
Figure 1.5 shows a differentiating circuit. 
Let v= input voltage 
` i =input current 
q = charge on the capacitor. 


In simple word: 


or and C its capacity) 


Then q =C-ucWce= voltage across capacit 
p=% Cu) ooo að 
Eade S ; 
As Xc 210 R, 0g = vi q 
Therefore, Eq.(i) can be rewritten as 
g d L 
į = &(C-vo) = C= (v) 
i= (C- vo) dt 





d 
The output voltage v9 = i R = C° a ER Fig. 1.5 Differentiating 


circuit 
d , 
Ug = RC T (vi) (RC is constant) J 
d 
In other words, Vo% a (vi) 
Hence output is a 'derivative' of the input. a 


Note : A ‘differentiator’ is also called a ‘high pass RC circuit’ or L.F. discrimi; 
nator, because the reactance of capacitor decreases at high frequencies. At verý 
high frequencies, the capacitor acts as a ‘short’ and all the input appears as ` 
output. In other words high frequency components are passed through the cil: 
cuit to the output. Note that output is taken across resistor R. 


Applications of Differentiating Circuits ; 
The differentiating circuit is used to obtain different wave shapes. The output 
wave shape will naturally depend upon the input waveshape. Few examples aré, 
given below : \ 
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1. When the input is D.C. (Fig. 1.6) 

When the circuit is switched ON, the D.C. which is constant wiil charge 
the capacitor and as soon as the capacitor is charged, it will be discharged. In 
this way current will flow for a moment and then will fall to zero. Hence, the 
output of the circuit is zero (as an ideal case), as derivative of a constant is zero. 


ae 


į Input Output 
Fig. 1.6. The dc input gives zero output 


2. When the input is a square wave (Fig. 1.7) 
Operation 
@ During the part OA of the input square wave, the amplitude changes 
abruptly, hence the differential output will be a sharp narrow spike as 
shown. In this part, the capacitor charges in one direction. 

y (a) During the part AB, the output will be zero as differentiation of a con- 

| stant is zero. 

f (ai) During part CD, the capacitor is charged in the opposite direction and 

ponge again, a spike is obtained in the same way but in opposite direc- 

ion. 

h- We can explain the operation of the circuit otherwise—when the input volt- 
age changes from 0 to V, the capacitor begins to charge exponentially. The 
output voltage (V,) suddenly jumps from 0 to V; then decays exponentially. On 
the trailing edge.of the output, the voltage steps negatively and with same 
arguement as above, we get a negative spike. The smaller the time constant 
RC, the shafper are the spikes. Figure (i) shows input, Fig. 1.8(ii) shows the 
output. 





Fig. 1.7. The square input 


Fig. 18. Input and output wave shapes 
gives out spikes re 
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1.4. Integrating Circuit or Integrator 
A circuit, that gives an output voltage as proportional to the integray of the 
input voltage is called an integrating circuit or an ‘integrator’ 


A ien vo = fw 


Recall that'integration' means ‘summation’. 
An integrating circuit is also an RC series circuit. whereas the output of a 
differentiating circuit is taken across the resistor R, the output of an integrat- 
ing circuit is taken across the capacitor C. 
While designing an integrator, the following should be kept in mind: 
ü) The RC constant of the circuit should be much more than the time 
period of the input wave (RC >> T). 
(ü) The value of resistance (R) should be atleast 10 times the value of the 
capacitive reactance (Xo) of the circuit (R 2 10X,). 
Figure 1.12 shows an integrating circuit. ; 
Let v; = input voltage 
i = input current 
q = charge on the capacitor 





Fig. 1.12. Integrating circuit 


. UR_y 
pt or, i= #3 : © 
The charge on the capacitor at any given instant 
q= fi dt üi) 
Output is to be taken across capacitor 
=v,andu,=q/C. (iii) 


Putting the value of q in Eq. (iii) from Eq. (ii) above, we get 
ro. fiat 





q 
wg T 
vi 
= S(t a [i= 2 from Bai] 
Cc R 
; -L fu, 
Re fu dt 
ie, vo a Judt (RC is aconstant) 


In other words, output is ‘integral’ of the input 
„m simple words, an integrator circuit performs mathematical operation 
of ‘integration’. A common application of an integrator is to get a ‘ramp’ of 


i 


\ 
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3. When input is a triangular wave (Fig. 1.9) 
(i) During the part OA of the input triangular 
wave, the input increases at a constant rate; 
therefore, the output is a constant (MN) as 
the derivative of a constant rate of change 
is a constant. ; 

(ü) During part AB of the input, again it is de- 
creasing at a constant rate; therefore, for 
the same reason as explained above, the 

ve output is constant (QR) but in the opposite 
direction. Hence, output of a triangular wave 
will be a square wave. 





.4. When input is sinusoidal ; 
When the input is a sine wave, its output will 
be a cosine wave, as differentiation of sine is cosine. : ` 
Fig 1.10(a) and (b)].Similarly, output of a cosine wave will be a sine wave, as 
differentiation of a cosine is sine. See Fig 1.11 Ka) and (b)]. 


Vin 
Vin Input cos wave (a) 
Input f @) i 
sin wave 
t 
q Ve 
i i Vo s 
Wi ® Output () 
Output sin wave 
t 
t 
cos wave 


Fig. 1.11. The cosine input 
gives sine wave output 


Fig. 1.9. Triangular input 1 
gives a square output 


Fig. 1.10. The sine wave input 
gives cosine wave output 
Problem 1.1. In a differentiator circuit, R = 12 K, C =24F. If the input voltage goes 
from 0 to 12 Vin 0.5 second find the output voltage. 


Solution: 
ay = 20. Pd = 24 volts/sec 
t 0.5 0. 
du; 
tga RC 
Here, R=12K =12x109Q 
Now in a differentiator circuit 
and ' C =2uF =2x 10°F) 


v, =(12 x 108) x (2 x 10°) x 24 
vo =0.576 volts Ans. 
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i output voltage from a constant input. A ‘ramp’ is a linearly (at constant rate) \ 
increasing (or decreasing) voltage, e.g., a triangular output. ; i \ 
An integrator circuit is also called an ‘low pass’ RC circuit or a ‘H.F. dis. 
criminator’, i.e., it passes low frequency components to the output. In other 
words, at low frequencies its output is maximum whereas at high frequencies, 
its output is zero. 


Applications of Integrator Circuits 
Integrator circuits are also used to obtain dif- 
ferent wave shapes which depend upon the wave 
shape of the input signal. 

When the input is a square wave (Fig. 1.13). 

Recalling that ‘integration’ means ‘summa- 

tion’, the output from an integrator circuit will 
be the sum of the inputs of the wave at any 





instant. 
@ At point O, the sum is zero. The sum y i i 
now increases and becomes maximum a ‘M i 
atA or B, we get a coressponding point 1 
L M at the Suira. . Oupnt, ! 
(ü) After C the sum decreases and becomes o IN, 


i zero at E or F, we get a corresponding Fig. 1.13. The square input gives 
point N on the output. a triangular output 
x fy Hence output of a square wave is a trian- 
\W gular wave. 


` Table 1.1 Comparison of Differentiator and Integrator Circuits 


| | Differentiator Integrator 
[a] It is an RC series circuit It is also an RC series circuit 
|2| Output is taken across R Output is taken across C 


Output is proportional to the Output is proportional to the 
differentiation of the input integration of the input 















1.5. Switches 


A device, which is used to turn ON or OFF a circuit is called a ‘switch’. 
Switches may be :. 
1. Mechanical 


2. Electromechanical 
3. Electronic 
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1. Mechanical suitches Table 1.2. Comparison of electronic and other switches 
a siyitch Wich works mechanically ( SETARI one | . Particulars Electronic Switch Other Switches 
ally) is known as a mechanical switch, Examples of - 0 Fan 












q mechanical switches are tumbler switch and piano : 
switch, used in our houses for making ON/OFF lights Fig, 1.14. Mechanical switch 
and fans, etc., and also double pole and triple pole i 
iron clad (DPIC, TPIC) switches to make ON and OFF motors in industries. So A i 
long as the switch is closed, the circuit remains ON and when the switch is i 
opened, the circuit becomes OFF (Fig. 1.14). 

(i) These switches produce sparking on the contacts while making ON/OFF ` 
a circuit. If the current is heavy it may lead to fires as in the case of high rating “am 
circuit breakers. 

(ii) Their speed of operation is low as they are to be operated mechanically. 
Their maximum speed is up to 5 operations/second. 


It has moving and many other 

mechanical parts, hence 

(i) more wear and tear 

(ii) violent noise 

(iii) more maintenance 

(iv) heavy sparking at the breaking 
contacts 


















Moving parts No moving parts, hence 
(i) less wear and tear 
(ii) Noiseless operation 
(iii) little maintenance 
(iv) No sparking. 


Service Breakdowns are frequent since it 
ey l because of solid state coniuins many mech. parts. 

ee ee ee 
Fs [ite sam | atin tint mri ition operation | 


Speed of Fast Slow (nearly 5 operations/sec.) 
Operation (upto 10° operations/sec.) 


Can handle very large voltage and 
(several amps at several KV). 






2. Electromechanical switches (Relays) i 
These switches are popularly known as ‘relays’. These are improved me- 
chanical switches with better speed and lesser chances of sparking. ; 
Figure 1.15 shows a contactor relay. It has a coil wound on a magnetic l 
piece. Facing this piece, there is another piece of magnetic material which car- 
ries a plunger or shaft. On the shaft, there NO contacts Plunger | L 
are contacts, few are normally opened (NO) 
and others are normally closed (NC). 
When the contactor relay is switched ON 
the coil is energized and forms an 


















Can handle small voltage 
and power 


(nearly 5A at 50V) 


Voltage and 
power 


| | L6. Diode as a Switch 
ls A semiconductor diode (as well as a vacuum diode) acts as a switch (Fig.1.16) 





=e : wh! as it conducts (ie., becomes ON) only when it is forward biased. On other 
R ema AOAI NA Coil R Contacts uy hand when it is reverse bised, it does not conduct and remains OFF. We shall 
contacts are opened. There are many types Fig. 1.15. Electromechanical switch see that the switching operation of diodes is utilized in clipping and other 
ofrelayse.g. time lag relay. overload relay, (Contactor circuits. 
latching relay, power relay, etc. The relay is a better switch than the me- pho = pa ON 
chanical switch : RA * ~ @ 
(i) The relay coil needs a very little current to operate; hence power loss i 
and voltage drop is negligible. o_o? o $ (OFF) 
(ii) Relay switches can operate the load from remote (from a distance). Fig. 1.16. Diode as a switch 
(iii) There is less danger of sparking. 
(iv) The speed is more than that in the mechanical switches. It can operate 1.7. Diode Clippers 
10 times per second. 5 | The switching operation of diode is utilized to ‘clip’, remove, or chop off a part of 
the input signal and obtain a new wave shape to be used for a particular pur- 
3. Electronic Switches pose. These wave shapes are used in computers, radars, etc. The half-wave 
* We are more interested in electronic switches. In the following pages, we rectifier is an example of a simple clipper circuit. 
shall see that many electronic devices like diodes, SCR, triac, diac, UJT (Uni- These circuits are also called ‘chopping’ or ‘limiting’ circuits. 
junction transistor), etc., can work as a switch, i.e., they can make and break a While drawing output shapes of a clipping circuit note that : 
ede ®© When a diode is forward biased it is short circuited and voltage across 


mie diode is zero. All the input voltage ‘drops’ across the limiting resis- 
Or. - 
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(ii) When diode is reverse biased, it is open circuited and outut across the , Vin 
diode or load is equal to the input voltage. | ‘ “ib 
+ 
uv 1.8. Types of Diode Clippers | Input i 
; The diode clippers are of the following types : | a 
1. Positive clippers jo 7 TIRTA 
a 





The circuit which clips off the positive cycle 
ofthe input A.C. signal is called ‘positive clipper’. 
See Fig 1.17, where a diode is kept in series with 
a limiting or controlling resistance R. The input is given as shown and output nai 
is taken across a load R}. The input V,„ has maximum value of 10 V(say). 


+10 


Fig. 1.17. Positive Clipper 


Vo Output 








Operation Fig. 1.19. Negative Clipper Fig. 1.20. Input & Output Wave shapes of 
(i) When positive cycle of the signal appears the diode becomes forward negative clipper 
biased (short) circuited), hence voltage across the diode is zero. In other 3. Biased clipper 
words, positive cycle is clipped off and does not appear at the output. The clipper circuit in which the diode is biased with a battery is known as 
The whole of the input is dropped across R. biased clipper. In these circuits; the whole ‘of the cycle (positive or negative) is 
(i) During negative cycle of the input signal the diode becomes reverse not clipped off, but only the desired part of the cycle is clipped off which is: 
biased (open circuited) and hence the whole input voltage of the nega- j beyond the biasing voltage of the battery. 
tive cycle appears across the diode (or across R7). | L ~~ They may be of the following two types : 
Figure 1.18(a) shows the shape of the input signal and (b), the output wave (a) Biased positive clipper 
shape, V, ‘ , Figure 1.21 shows a biased positive clipper, 
a. which will remove part of the positive cycle be- 
AN - AN TE yond the biasing voltage (5V) of the battery. Fi (al aei = 
© Input t Wa | The input voltage V,, has a maximum value "#8 1-21. Biased positive cippa 
TY wo 
-10V Operation~ 
VY (i) When the positive cycle (of the signal, of maximum value = 8 Vv) appears, 
10 the diode is forward biased from the signal Vin 
. side but reverse biased from the batttery „gy 
® Output t side. The battery will not allow the diode to 
, becomeforward biased up to its own volt- Input t 
-10V : age ( = 5V). In other words, up to 5V, the 
Fig. 1.18. Input and Output waveshapes of positive clipper diode will remain reverse biased (open cir- -8V @ 
A 7 cuit) and only 5V will appear across the diode P 
2. Negative clipper (and hence across R,). Beyond 5 volts the Yo pee 


The clipping circuit in which negative half cycle of the input A.C. signal is 
clipped or chopped off is known as negative clipper circuit. This is similar to the 
Positive clipper except that the polarity of the diode is reversed. Figure 1.19. 

y shows the circuit and Fig. 1.20[(a) and (b)] shows the input and output wave- 
i forms. The input voltage V,,, has a maximum value of 10V. 


battery will lose all control on the diode and 
the diode will become forward biased from 
the signal side, which will make it ‘short’ 
and the remaining part of the signal will -8y 
not appear across the diode, i.e., the () 


part beyond 5V(8V-5V=3V)willbe chopped F!# 1.22 Input & Output wave shape 
F of biased positive Clipper 


(i) During negative cycle of the signal the diode is reverse biased from 
signal as well as from the battery side. The : diode will be open circuited and full 


| 
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voltage (= 8V) will appear across the diode and hence across R. Figure 1.22 
“shows the input and the output shapes. I 
(b) Biased negative clipper 
S This will remove a part of the negative cycle. It is the same except that 
the polarities of the diode and the battery are reversed. Figure 1.23 shows 
the circuit and Figure 1.24 shows the input and output shapes. Its operation 
is just the reverse of the biased positive clipper circuit. The input voltage has 
a maximum value of 8V and battery used is of 5V. 
’ Vin 


WAA 
t 


Input 





Fig. 1.23. Biased negative clipper Fig. 1.24. Wave shapes of Biased 
negative Clipper 
, Combination clipper x 
This circuit clipps off the part of the positive as well as of the negative 
cycles, beyond the battery voltage. Figure 1.25 shows the circuit and Figure 
1.26 shows the waveshapes. During positive cycle, diode D, is forward biased 
(and:diode D, is reverse biased). The + Ve cycle is clipped off above 5V. During 


negative cycle diode D, is forward biased (D, is reverse biased the negative 


cycle clipped above 5V. 
Vab ` 
+10 
A Input t 





Fig. 1.25. Combination clipper Fig. 1.26. Input and output wave shapes of 
: combination clipper 


son. 
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that case, the output wave shapes for positive and negative clippers 
will be as shown in Fig. 1.30. 


F Vin 

ò +10V 

i 

A Input P 
-10V 


Sine wave 


Vo 

+10V: 

Output for oviesv—st 
positive clipper F t 

-10V 

ty, 

+10V 

Output for EA 
negative clipper 0. vosy- t 


Fig. 1.30. Output of ideal positive & negative clippers 
1.9. Various Clipper Circuits 


Figure 1.31 shows some clipping circuits with sinusoidal input. The input is 
same for all circuits. The outputs are shown with the respective circuits. 








Input same for all circuits 
V; 


+V, 





Fig. 1.31. Various clipper circuits (Contd.) E 
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Problem 1.2. Draw the circuit diagram of a clipper to clip a 5V sine wave input signa) 
at + 3 V and - 2V. 

Solution : Figure 1.27 shows the circuit of a combination clipper alongwith 
the input and output waveforms . 









Input 


t 
- Time(t)> 





Fig. 1.27. , 
Itis evident from the waveforms, that the positive half cycle of the input voltage 
is clipped at + 3V and the negative cycle is clipped at - 2V. 
Problem 1.3. Draw the circuit diagram of a diode clipper to clip a 5V sine wave input 


signal at + 2V. , f 7 

Solution : Given Maximum amplitude of the input signal i= 5V and Vg= av. 
We can obtain a clipping level + 2V by using either biased series positive 

clipper or a biased shunt positive clipper. Figure 1.28 shows the biased shunt 


positive clipper clipping the signal at + 2V. 





Fig.1.28 
It is evident from the output waveform shown above that the circuit has 
clipped off the input signal lying above the level of + 2V. 
Note: 
@ The clippers are also classified as : , 
(a) Series clipper—in which the diode i 
Fig. 1.29[(a)]. 
(b) Shunt clipper—in whic 
` load [see Fig. 1.29(b)] 


s in series with the load [See 


h the diode is in a branch parallel to the 


(a) (b) 
Fig. 1.29. Series & Shunt Clippers 


i (ii) The input may be sinusoidal, or non-sinusoidal, bu 
(iii) The diode assumed is an ideal diode pter mini 
of the diode (0.7 V, for Si and 0.3 V for Ge) i 


t mostly itis sinusoidal. 


the barrier potential 
to be considered. In 
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16 
Va 
(2) 
(3) 
r 
(4) 
(5) 
4 T 
T +(V,, — 
© Vo 
| 0 A Output 
Vo 
1, a 
(Q) Vo 
| é A Output 
Ve 
R T G 
Vv 
D Va, v% a ome 
Lesl a 
. Fig. 1.31, Various clipper circuits (contd.) 
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(9) 
Vy 
Output 
do -y 7 Outpu 
Vin 
Vo 
Va 
(11) 
v: Output 
t 
Semiconductors 
diodes 
Vo 
V, 
aa) a Output 
t V t 





Fig. 1.31. Various clipper circuits 


1.10. Zener Clipper 
The zener diode is also used for clipper circuits. This have been explained 
through following circuits. 
' (@) A series peak clipper using a zener diode showing input and output 
pulse waveforms. The output waveform shows the capacitive spike on 
the leading edge (Fig. 1.32). : 





Fig. 1.32. Series Zener clipper 


(i) The symmetrical peak clipper using two zener diodes connected back 
to back. (Fig. 1.33). 


Be ons 
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0 t 
© 
Fig. 1.36. (a) Schematic representation of a transistor clipper; (b) the 


input voltage V,, and the base-to-emitter voltage Ver (c) the base 
current; (d) the collector current (e) the output collector voltage. 


Here V = cut in voltage and /,, = saturated collector current. 


1.12, Clamping Circuits/Clampers 
e clamping circuit or a ‘clamper’ is a circuit which ‘clamps’ a signal to a 
i different d.c. level. Usually diode clampers are used. A diode clamper has a 
diode, a capacitor and a resistor. Biased clampers are also used, in which the 
diode is biased with an additional battery. The biased clamper circuits are used 
to introduce an additional shift. The clamper circuits work on charging of the 
capacitor by the signal and then discharging through the resistor. The values 
of R and C are so designed that time constant (RC) is so large these the 


Capacitor does not dischage through the resistor during the time the diode is 
not conducting, g w 
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H Fig. 1.33. Symmetrical zener clipper 
(tit) Two zener diodes used to clip both cycles of a.c. input (Fig. 1.34), 
R Zener diode 


i] Output 





ry 





Fig. 1.34. Another zener clipper 


‘ (iv) Overcoming the shunt-capacitance limitations by operating a fast di- 
ode in series with the zener diode. 





Fig. 1.35. A Typical zener clipper 


1.11. Transistor as Clipper 

The transistor has two pronounced non-linearities which may be used for 
clipping purposes. One occurs as the transistor crosses from the active region 
to saturation and second occurs when the transistor crosses from the cut in 
into the active region. Therefore, if an input signal waveform makes excur- 
sions which carry the trnsistor across the boundary between cut in and 
active regions or across the boundary between the active and saturation re- 
gions, a portion of the input waveform will be clipped off. Figure 1.36 shows 
such a transistor clipping circuit and different associated waveforms. 
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During analysis of clamper circuits, the diodes are assumed to be ideal. 


The clampers are of following types: 
1. Positive clamper 

This circuit shifts the signal towards the v, 
positive side such that the negative side of the 
signal reduces to zero. Figure 1.37 shows a 
positive clamper. The input has maximum value 
of V,, volts. 


E i iode is forward biased 
i i i le of the input signal, the diode is 
en i re osed switch). The capacitor is charged to the 


and becomes short circuited (closed h). Thi = Ba pak E 
aximum value of the input signal voltage in the 5 
ait across short circuit diode (i.e., across R,) will be zero (See Fig. 1.38(a)). 





Fig. 1.37. Clamping circuit 








Fig. 1.38. Operation of the circuit 


(ii) During positive cycle, the diode is reverse biased and behaves as an 
open switch. The capacitor is now discharged throug e resistor Az. Itis 





sum at constant of the circuit is such tha e capacitor is dis- 

1 charged fully. This adds the signal voltage during the positive cycle. The is 
‘igure 1.38(b)] 

reer output shapes are shown in Figure 1.39 (a) and (b). Note 

that in the output, the negative cycle has fallen to zero level, whereas the d.c. 

level of the positive cycle has doubled. 


in 


V, 
Input hm 
1 @ 
V 
+2Vm Sine wave 
Output — 
(b) 
t 
«+ . Fig: 1.39. Input and output wave shapes 


2. Negative clamper if « 
This circuit shifts.tht signal towards the negative side such that positive 
side reduces to ze: ir i i 





- 
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Figure 1.40 shows a negative clamper. There is no difference with the 
positive clamper, except the change in the configuration. 
V, 


TANAL Va 





i c Input 
Vin Vo Vo @) 
t 
BVa Output 
@) 


Fig. 1.40. Negative Clamping Circuit Fig. 1.41. Input & Output waveshapes 
Operation 

During positive cycle the diode is forward biased the capacitor is charged 
to max value V,,. The output across the short ¢ircuit diode (or R,) is zero. 

During negative cycle the diode is reverse biased, the capacitor is dis- 
charged fully and the output across diode (or Rp) is 2V,,. 

Note that the signal is reduced to zero in the positive side and the level in 
the negative side is 2 Vm» Where V,, is the maximum value of input signal. 
Figure 1.41 (a) and (b) shows the input and output waveshapes. 


3. Biased clamper 


Figure 1.42 shows a biased clamper with sinusoidal input [Figure 1.43(a) 
and the output [Figure (b)]. j 









VatV 
(+) 4--}4--+}----- 
a t 
-V ---- Output F 
$ 
Fig. 1.42. Biased clamper Fig. 1.43. Input. & output shapes f 


r 
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1.15. Various Clamper Circuits 


Figure 1.47 shows few clamper circuit with a squarewave input (same for all) 
whereas output are shown alongside the respective circuits. 


Input same for all circuits 


l C 
a) Vin | 
| Í 
O vw 
| i 
(3) Vin 
| i 
@) Vin 
(5) Vin 


Fig. 1.47. Various clampers 
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1.18. Practical Clamper Circuit 
The clamper circuits described above work properly, only when the ampli. 
tude of the input signal docs not change with time. However, in actual Paractice, 


the amplitude of the input signal changes con- 

tinuously, with time, as it happens in a tel- c 

evision signal. Therefore such circuits are not AD 
Vv 





suitable in actual paractice. Figure 1.44 shows y, 
a practical clamper circuit. Here a resistor 
(R) having a very large value is connected in E 
parallel with the diode. The purpose of this 
resistor is to provide a discharge path for the : 
capacitor. The large value for this resistor is required to produce a time con- 
stant (R.C) which is large enough than the period of the input signal wave. 
form. For good clamping action, the value of time constant should be at least 
10 times the peroid of the input signal waveform. 


Problem 1.4, The input signal waveform shown in Figure 1.45(a) is. applied to the 
clamper circuit shown in Figure 1.45(b). 


Cc 
— () — 
Vin 


@ (b) 
Fig. 1.45. 
Sketch the waveform of the output voltage. 
Solution : From the figure, we find the diode is forward biased during the 
negative half cycle of the input signal. There- 
fore it acts as short circuit. As a result of this, ta 
capacitor is charged to a voltage equal to the == 
negative peak of the input signal (i.e., 24 V). The £8 +24VP --4----- 
1? 


Fig. 1.44, Practical clamper circuit 









polarity of this voltage is such that it gets added 
to the input signal. Therefore the output volt- 
age V) = 24 + 24. This causes the voltage to clamp 0 Time (t) => 
positively as shown in Figure 1.46. Fig. 1.46. 





1.14. Application of Clamping Circuits 

We have already discussed that the clamping circuits are used to shift any 
part of the input signal waveform and can be maintained at a specified voltage 
level. Such circuits are used in television receivers to restore the original d.c. 
reference signal (corresponding to the brightness level of the picture) to the 
video signal. The clamping circuits are also used to produce a d.c. voltage 
whose value is a multiple of peak a.c. input voltage (i.e., 2 Vine 3 Vm 4 Vin 5 
V,, etc.) Such circuits are known as voltage multipliers. These circuits are 
used to supply power to high voltage/low current devices like cathode ray 
tubes used in television receivers, oscilloscopes and computer displays. 
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1.16. Transistor as A Switch 
A transistor acts as a switch as explained below. . 

(i) When the base emitter junction is open or reverse biasd no collecotr 
current (Io) flows, the transistor is said to be OFF. l 

When if Ip = 0, Ic =I cg» which is very very small and thus for practical 
purposes, the transistor is said to be non-conducting and in OFF region. 

(ii) When the base emitter junction is forward biased and Ig flows, as a 
result of which Iç flows and at some value of Iz, Iç becomes saturated’ sie. it 
does not increase further and becomes independent of Ip. At this point, the 
transistor may be treated as fully ON as it is conducting in saturation region, 

The transistor can be made OFF, ifJ, is reduced to zero. 

Figure 1.48 shows a transistor in CE configuration. Figure 1.49 shows the 
output characteristic. 
where AB is the load line. At point M, the transistor is OFF as I, = 0 and Io= 
Icgo = 0. At point N, the Ig is maximum, i.e., saturated (Iç sat.) and the 
transistor becomes fully ON. 






jones SS M lg=0 
IIHI liii 


Fig. 1.48. Transistor circuit Fig. 1.49. Output characteristic 
Figure 1.50 shows switching action of a transistor more clearly. At.point 
A, Ig = 0, Iç =I ogo = 0; hence transistor is OFF. Now I, rises and so does the 
Ic. At point B, I, =1,,, and the transistor becomes fully ON. It remains ON up 
to point C. Now if J, is reduced to Ig 
zero, I, will fall to point D and the ` Iedsat) 
transistor becomes OFF. Now ifI, aad) 
is again made to rise, the transis- 
tor will again become ON at point 
E and it will remain ON up to point Jcso 4 
' Fandsoon. In this way, a transis- Neža 
tor can be used as an ON/OFF T $ 
switch. Fig. 1.50. Switching action of Transistor 


f Figure 1.51[(a) and (b)] shows a transistor as a switch in ON position and 
Fig. 1.52(a) and (b) in OFF position. They also show values of different param- 
eters in these conditions. In the first case, the resistance between collector 
and emitter Roz, is zero and in second case it is infinite. 









A e em ee me ome Bae ee we 
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Ig=0 





(a) (b) (a) (b) 


Fig. 1.51. Transistor is ON Fig. 1.52. Transistor is OFF 


SUMMARY 
L 


2. 


3. 


Wave shaping circuits are used to generate non-sinusoidal wave shapes 
e.g., square, triangular, etc. 

The output of a differentiating circuit is the derivative of the inpute.g., we 
shall get a cosine wave output from a sine wave input and vice-versa. 

The output of an integrating circuit is the integral of the input. e.g., we 
shall get a triangular output from a square input. 

An electronic switch has a speed of 109 operations per sceond. The examples 
of eloctronic switches are diode, transistor, SCR etc. 

The clipper circuits can clip or cut off a part of the input and give out a non- 
sinusoidal output. The semiconductor diode, zenes diode, transistor can be 
used as clipper. 

The clamping circuit or clamper clamps a signal to a different d.c. level. 


Usually diode clampers are used. The clamping circuits are used as “volt- 
age multipliers.” 


SELF TEST QUESTIONS 
es 


OND 


Enlist and explain different non-sinusoidal wave shapes. 


What do you undersand by differentiator circuits? Explain how narrow ripples are 
obtained by giving square input to the circuit. 


What are integrator circuits? What will be the output if a square wave is fed to the 
integrator circuit? 


Explain a diode as a switch. 


Compare mechanical, electromechanical and electronic switches for their operat- 
ing characteristics and speed. 


What are diode clippers? What are the important types of diode clippers? 
Write note on zener clippers. 
What do you mean by a Transistor clipper? 


What are diode cl ampers? What is their function? What are the important types of 
diode clampers? 


10. Where the clamper circuits are used ? 
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3. An RC series circuit can be used as a differentiator, when output is taken across 
the resistor. 
4. A multivibrator generates square waves. 
5. The output of a voltage multiplier circuit is a multiple of the input voltage. 
6. When a sine wave is fed to a differentiating circuit the output is also the same 
wave. 
7. A relay is an electromechanical switch. 
8. Ina differentiating circuit, Ro<<T. 
9. Inan integrating circuit, Re<s<T. 
10. When a transistor is in saturation, the output is Vec 
Answers 
(1) True (2) False (3) True (4) True (5) True 
(6) False (7) True (8) True (9) False (10) False. 
NI. MULTI CHOICE 
1. 


The criteria for a good differentiating circuit is that its time constant (RC) should 
be 


(a) much larger than the period of the input waveform 
(b) less than or equal to the period of the input waveform 


(c) much smaller than the period of the input waveform 
(d) None of the above 


Ifthe input toa differentiating circuit is a triangular wave, the output will be 
(a) square wavee (b) rectangular wave 

(c) sawtooth wave (d) none of the above 

The criteria for good integrating circuit is that its time constant (RC) should be 
(a) equal to the period of the input waveform 

(6) much larger than the peroid of the input wavefrom 4 

(c) much smaller than the period of the input waveform 

(d) None of the above 

The main function of a clipping circuit is to 

(a) remove a certain portion of the input signal above or below a certain level 
(b) restore d.c. level to the signal 

(c) suppress amplitude variations in the input signal voltage 

(d) both (a) and (c) above 

The clamper circuit is used to 

(a) introduce a d.c. level to a.c. signal 

(b) suppress variations in amplitude of the input signal .%. 

(c) obtain an output which is integral of the input signal 

(d) None of the above 


While operating as a switch the transistor is 

(a) always in cut-off state (b) always in saturation state 
(c) either in cut-off or saturation state (d) none of these. 

The maximum speed of operation of an electronic switch is 

(2) 5 operations/second (b) 10° operations/second 

(c) 100 operations/second (d) 1000 operations/second. 


wee 
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DISCUSSION QUESTIONS 


Name the devices which can be used as electronic switch. 
Why are clipping circuits called by their name 
mping circuits called by their name , i 
vi ih capi and integrating circuits called by their name T 
What will be the output of a differentiator if its input is a DC. supply ? 
What will be the output of an integrator circuit if its input is a D.C. supply? 
You are given a D.C. supply and a single way tumbler switch. Can you generat, 
square waves ? If yes. how ? 





al aod 


SP a Ge ee a 


OBJECTIVE TYPE QUESTIONS 


I. Fill in the blanks 


An electronic switch may have a speed of.................- per second. 
Clippers are also called ........:.::0000 . 
Clampers only ........:006 the D.C. level. 


Differenjjation of a constant is . 
A square wave consists of...... , RE 
A common solid state device which can be employed as an electronic switch is a 








‘PAP ene 


7. Aswitch can have. ... States, 

8. When a transistor is used as a switch, it is either kept in cut-off region or ................. 
region. 

9. An electronic circuit that generates square wave is called .............000 


10. An eléctronic circuit that can develope three times the peak value of input signal 
voltage at the output is called .. 








13. If a square wave is fed to an integrating circuit, the output will be a .. 
wave. 





14. An RC series circuit is just an integrating circuit where output is taken across 


15. When a sine wave is fed to a differentiating circuit, the output will be a .,............... WAVE 


Answers: 
(1) 109 (2) Choppers (3) Shift (4) zero 
(5) Sine waves (6) diode (7) Two (8) Saturation 


(9) multivibrator (10) Voltage Tripler (11) electro magnetic (12) Resistor 
(18) Triangular 
II. TRUE/FALSE 
1. When a transistor is ON, it is in saturation region. 


2. An RC series circuit can be used a 
resistor. 


(14) Capacitor (15) cosine 


s an integrator when output is taken across tht 
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ircui tes square wave is called = 
i oe ‘ (b) a multivibrator 


(c) a modulator (d) a differentiator. i 
‘ i i i re 
9. Ina voltage tripler, the number of capacitor-diode sections emplyed a 
f (b) two 
(a) one 
s d aah when output a taken across 
ies circui be used as an 
10. An RC series circuit can odin G 
(d) none of these. 
ting circuit, the output will be 
(b) triangular wave 
(d) sine wave. 


(a) resistor R 
(c) either of the two 
11. Ifa square wave is fed to a differen 
(a) sharp narrow pulses 
(c) saw tooth wave 
12. A relay is basically a 
(a) mechanical switch 
(c) electronic switch 
13. A voltage multiplier is a circuit that 
ifies voltage , 
o a peak af input voltage to 2,3,4.. times 
(c) changes the shape of input voltage (d) none of these. 


(b) electromechanical switch 
(d) tumbler switch 


14. A clipping circuit is referred to as a 


(a) Voltage limiter (b) Amplitude selector 


(d) All the above 


{c) Slicer 
15. The cut in voltage for germanium is ` 

(a) 0.6 V (b) 0.2 V 

{c) 0.7 V (d) none of the above 
16. The cut in voltage for silicon is 

(a) 0.2 V (b) 0.8 V 

(c) 0.3 V (d) none of the above 
17. Ina clamping circuit, the time constant RC must be 

(a) large (6) small 


(c) Large in comparison to the period of the signal 
(d) none of the above 
18. A transistor can be used as a 


(a) Clipper (b) Clamper 


(c) Switch (d) all the above 
Answers 
1. ©) 2@& 3. (b) 4. (d) 5. (a) 6. (c) 
7. (b) 8. (b) 9. (c) 10. (b) 11. (a) 12. (b) 
14. (b) 15. (d) 16. (c) 17. (c) 18. (d) 19. (d) 
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PROBLEMS FOR PRACTICE 
————— 


1. Find the output voltage shape for the clipping circuit shi 
for the input shown in Figure(), 5 ne CENAJ ang 





Fig. 1.53. 


2. Sketch the output wavefrom for a diode clam; 


` A per circuit shown in Fi i 
a sine wave input with a peak value of 30 V, igure 1.54 for 





Fig. 1.54. Fig. 1.55. 


3. Draw neatly the output waveform for a diode clamper circuit shown in Figure 
1.55 for a sine wave input with a peak voltage of 20 V. 


Ooo 


Chapter 2 


: MULTIVIBRATOR (MV) CIRCUITS 
MULTIVIBRATOR (MV) CIRCUITS 


' 


Introduction 
An electronic circuit which can generate non-sinusoidal oscillations (i.e., square 
wave, triangular, saw tooth, etc.) is known as ‘a non-sinusoidal oscillator’. 
` The non-sinusoidal oscillations (waves) actually consist of a large number of 
sinusoidal oscillations. (This can be shown through Fourier series analysis). This 
is the reason that these oscillators are also known as ‘multivibrator’ (multi 
i many, vibrator oscillator). 

The switching action of bi-junction transistors (BJT) can be utulized to gen- 
erate non-sinusoidal waves. In place of transistors, these oscillators can be made 
by using field effect transistors and other devices. But we still study here tran- 
sistor oscillators only. 

We are more interested in square waves from these oscillators. Hence by 
multivibrator (MV), we generally mean the square wave generator. 





WW ial 2.1 Concept of MV 


A multivibrator is basically a two-stage amplifier with hundred per cent positive 
feedback (Fig. 2.1) between the two stages such that output is fed back to the 
other. The circuit is designed such that when one transistor is ON, the other is 
OFF, i.e., they become ON and OFF, alternately, and we get a square wave out- 
put. 


+ + Feedback (FB) 





Fig. 2.1. Concept of MV 


Figure 2.1 shows a block diagram of transistor multivibrator. As mentioned 
transistors T, and T, alternatively become ON and OFF. Suppose transistor 1 
becomes ON first; through this transistor e (sat) will flow for a period BC (decide! 


by doi circuit components). During this period, the transistor T, will rema 





